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Summary
Objective: To evaluate that single photon emission computed tomography (SPECT) could reﬂect the clinical severity of knee osteoarthritis
(OA) and to determine the clinical usefulness of SPECT as a sensitive imaging method detecting early OA.
Methods: Sixty knees of thirty OA patients were examined with 99mTc-methylene diphosphonate (MDP) bone SPECT, the intensity of uptake
was graded and the sites of uptake were localized. One hundred millimeter visual analog scale (VAS), Western Ontario McMaster Universities
(WOMAC) Osteoarthritis Index scores and physical examination were assessed. Simple radiograph and musculoskeletal ultrasonography
(US) were performed, and KellgreneLawrence (KeL) grades were determined. The relationships between clinical ﬁndings, simple radio-
graphic ﬁndings, US ﬁndings and the intensity of uptake in SPECT were analyzed.
Results: There were increased uptakes in 91.7% of the knees, and patella and medial tibial condyle were the most common sites of the up-
takes. Symptomatic knees had signiﬁcantly higher intensity of uptake than asymptomatic knees. Uptake intensity of medial compartment in
SPECT well correlated with clinical ﬁndings, such as VAS, WOMAC scores, and physical examination, as well as US ﬁndings. Even in the
symptomatic knees without abnormal radiographic ﬁndings, the increased uptake was observed in SPECT.
Conclusion: In patients with knee OA, SPECT ﬁndings are well correlated with clinical ﬁndings, such as pain scores and physical examina-
tions, and SPECT appears to be a sensitive tool for early detection of knee OA. SPECT information could be useful for determining clinical
severity of knee OA and for diagnosing early OA more effectively.
ª 2007 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.
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Osteoarthritis (OA) is the most common form of arthritis in
the world1e3, and it has received growing attention in the
society because of the increase of old age population, dis-
abled people, and medical expenses from this disease2,4.
After the criteria for the classiﬁcation and reporting of OA
were established by American College of Rheumatology
(ACR) in 1986, the diagnosis has depended on the patients’
symptoms and supported by plain radiographic ﬁndings5.
However, OA has various categories of clinical manifesta-
tions, so there is no deﬁnite consensus on the standardized
diagnosis and management. Since the radiographic image
has a discrepancy with clinical ﬁndings, the therapeutic mo-
dalities tend to depend on the clinical symptoms, rather than
the objective imaging ﬁndings6,7. More accurate diagnostic1This paper was supported by Konkuk University in 2006.
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212methods and an objective index of disease status are
needed to be established.
In the diagnosis of knee OA, the most important and fun-
damental imaging method is a plain radiograph. But it is re-
ﬂective of the cartilage loss indirectly, showing the narrowed
joint space width. The radiograph can detect only the ad-
vanced bony lesions including subchondral sclerosis, sub-
chondral cysts and bony spurs, as well as joint space
narrowing. But, it cannot detect the abnormalities of soft tis-
sues, such as cartilage, tendon, ligament, and meniscus.
So, it is often difﬁcult to ﬁnd the early lesion of the cartilage
or the main sources of the pain associated with OA, and it is
frequently inconsistent with clinical symptoms8,9. Magnetic
resonance imaging (MRI) is a non-invasive and a very sen-
sitive tool in detecting the cartilage lesions, the synovial ab-
normalities, early bony change such as bone marrow
edema, and other pathologies10,11, but it has some limita-
tion in that it is too expensive and it may have false positive
or false negative results in the detection of the patellofe-
moral (PF) lesions12,13. Bone scintigraphy, however, is rel-
atively sensitive because it reﬂects the early physiological
changes of joints, such as increased blood ﬂow and bone
metabolism. Additionally, there is a good agreement be-
tween the degree of uptake and MRI-detected subchondral
213Osteoarthritis and Cartilage Vol. 16, No. 2lesion14. But its image is too planar that it cannot give
enough information for the anatomic localization, and the
image is overlapped, so the resolution is too low in the large
and complex joints15. Besides, the PF lesion is not easily
detected, compared with medial and lateral compartments,
and this planar image has discordance with clinical ﬁndings.
To compensate for the defects of these imaging methods,
bone single photon emission computed tomography
(SPECT) and musculoskeletal ultrasonography (US) have
recently emerged as useful imaging tools in the diagnosis
of knee OA. By separating the overlying activity into se-
quential tomographic planes, bone SPECT increases image
contrast and improves lesion detection and localization
compared with planar scintigraphy15. It is also useful in de-
tection of meniscal tears and ligament injuries, well correlat-
ing with arthroscopic ﬁndings16,17 and determining the need
for arthroscopy by localizing lesion sites18. Based upon the
fact that subchondral bony changes precede joint space
narrowing in OA19, bone SPECT seems to be a very useful
tool in early OA, reﬂecting the early bony changes. So far,
great attention has been shown to the question of the diag-
nostic accuracy of SPECT or agreement with other imaging
modalities, by comparing with MRI or arthroscopic ﬁndings.
But the clinical value of bone SPECT has attracted little at-
tention as an index of disease activity reﬂecting clinical
symptoms or physical examinations.
The aim of this article was to evaluate the diagnostic
value of SPECT in patients with knee OA, whether it is re-
lated to clinical ﬁndings and it could reﬂect clinical disease
activity, and to determine the usefulness of SPECT in early
detection of knee OA.Patients and methodsCLINICAL ASSESSMENTThirty patients with OA of the knee, who fulﬁlled the criteria
for classiﬁcation of idiopathic OA of the knee of the ACR (for-
merly, the American Rheumatism Association), were investi-
gated5. Patients who had a history of trauma, fracture, and
surgery of the knees and other inﬂammatory arthritis, suchFig. 1. The six sites of uptake in SPECT imaging. (A) Patella, transaxial
(C) medial femoral and tibialas rheumatoid arthritis and spondyloarthropathies were ex-
cluded. Informed consents were obtained from each patient.
Concurrently with the imaging studies, the knees of all
patients were examined by a physician. The questionnaire
included the duration of knee pain, 100 mm visual analog
scale (VAS), and Western Ontario McMaster Universities
(WOMAC) Osteoarthritis Index20. WOMAC Index was sub-
scaled by pain, stiffness and function scores, as well as total
score. Physical examinations of the knees were done by
a rheumatologist (LSH) at the same day of the imaging
studies, and the presence of tenderness, swelling, crepitus
and local heat were assessed. Serum rheumatoid factor,
C-reactive protein (CRP) and erythrocyte sedimentation
rate (ESR) were also determined at the same time.SPECT ASSESSMENTAn intravenous injection of 99mTc-methylene diphospho-
nate (MDP) 1.1 GBq was given. After 4 h of the injection,
whole body scan was acquired. SPECT imaging was per-
formed with a dual-head gamma camera (Siemens, E-Cam,
Chicago, IL, USA) with a pair of low-energy, high-resolution,
and parallel-hole collimators. Images were acquired in
128 128 frame matrix at 2.8 angular steps, 30 s each
step. Transaxial, coronal and sagittal slices were displayed
on radiographic ﬁlms after reconstruction using aButterworth
ﬁlter. One specialist of nuclear medicine (SY) who did not
have any clinical information analyzed the scintigraphic
ﬁndings. The intensity of radioisotope uptakes was graded
0 to 3: 0, normal; 1, mild; 2, moderate; 3, severe, compared
with the uptakes of the femoral and tibial shafts. The uptake
was localized to six sites, medial femoral and tibial condyles,
lateral femoral and tibial condyles, femoral trochlea, and
patella (Fig. 1).RADIOGRAPHIC ASSESSMENTAll patients were examined by standing anteroposterior
and lateral views of both knees and merchant view of
both patellae on the same day as bone SPECT was per-
formed, and one radiologist (MSG) who did not have anyview, (B) medial and lateral femoral trochlea, transaxial view, and
condyles, coronal view.
Table I
Demographic features and clinical characteristics of 30 patients
with knee OA
Male/female, no. (%) 4(13.3)/26(86.7)
214 H.-R. Kim et al.: Bone SPECT in knee OAclinical information described the radiographic ﬁndings. The
knee joints were segmented by medial, lateral and PF com-
partments, and each compartment was analyzed by Kell-
greneLawrence (KeL) grading system21.Age (years)* 61.6 1.8
Body mass index (kg/m2)* 26.2 0.8
Disease duration (months)* 34.3 11.2US ASSESSMENT
Painful knee, no. (%)
Bilateral knee pain 16 (53.5%)
Unilateral knee pain 14 (46.7%)
100 mm Visual analog scale* 56.2 4.3
WOMAC (total score)* 90.7 10.1
WOMAC (pain score)* 21.2 2.4
WOMAC (stiffness score)* 8.3 1.0
WOMAC (function score)* 64.9 7.9
Physical examination (present/absent)
Tenderness 29/31
Swelling 16/44
Crepitus 9/51
Local heat 10/50
Erythrocyte sedimentation rate (mm/h)* 15.6 2.5
C-reactive protein (mg/dl)* 0.6 0.3
*Data are expressed as mean S.E.M.All patients underwent a US examination of both knees
by one rheumatologist (KHR) who did not have any pa-
tient’s information, with a linear array 7e12 MHz transducer
(EnVisor, Phillips Medical Systems, Bothell, WA, USA),
within 7 days of the clinical evaluation and bone SPECT.
US examination and analysis were performed according
to previous descriptions22e24. With the patients’ supine
and the knees ﬂexed slightly, the effusion and synovitis
were assessed in the suprapatellar, medial and lateral re-
cesses. The effusion was deﬁned as increased hypoechoic
intra-articular materials in the recesses, compared with an
opposite side. The depth of the effusion was measured by
the maximal anterioreposterior diameter of the suprapatel-
lar recess. The synovitis was deﬁned as the presence of
an abnormally thickened hyperechoic region in the absence
of an effusion. Moreover, synovial thickening, proliferation
and villous formation were included in the synovitis. With
the knee ﬂexed more (45), patellar tendon, bursa around
patellar tendons were evaluated. The medial and lateral
menisci and collateral ligaments were also examined.
The length of bony spurs and medial capsular distension
was determined in the medial and lateral compartments.
The cartilages of femoral condyles were observed by
both longitudinal and transverse scans with the knee
ﬂexed maximally. The thickness of the cartilages was
measured using longitudinal scans of both femoral
condyles.STATISTICAL ANALYSISData are expressed as the mean standard error of
mean (S.E.M.). Statistical analysis was performed using
ManneWhitney U test for comparison of independent sam-
ples. Correlation coefﬁcients were determined by partial
correlation coefﬁcients, adjusted for age and body mass in-
dex (BMI). P values less than 0.05 were considered statis-
tically signiﬁcant.ResultsCLINICAL CHARACTERISTICS OF OA PATIENTSThe 30 patients with OA included four men and 26
women, with a mean age of 61.6 1.8 years and mean dis-
ease duration of 34.3 11.2 months. Fourteen patients
(46.7%) had unilateral knee pain and 16 patients (53.3%)
had bilateral knee pain. Mean VAS was 56.2 4.3 mm
and total WOMAC score was 90.7 10.1. In subscales of
WOMAC, a mean pain score was 21.2 2.4, a mean stiff-
ness score was 8.3 1.0, and a mean function score was
64.9 7.9. In physical examination, there were 29 knees
with focal or diffuse tenderness, 16 knees with swelling,
nine knees with crepitus and 10 knees with local heat
(Table I).SPECT FINDINGSEach knee of the 30 OA patients was analyzed, and 55
knees (91.7%) of all patients showed increased uptake in atleast one site. More speciﬁcally, 36 knees had increased up-
take in medial tibial condyle, 25 knees had increased uptake
in medial femoral condyle, 22 knees had increased uptake in
lateral tibial condyle, 16 kneeshad increaseduptake in lateral
femoral condyle, 42 knees had increased uptake in patella,
and 30 knees had increased uptake in femoral trochlea
(Table II).CORRELATION OF CLINICAL AND SCINTIGRAPHIC
DETECTION OF KNEE OATo determine whether SPECT imaging could reﬂect the
clinical ﬁndings, the correlation of clinical and scintigraphic
ﬁndings was evaluated. Possible disturbance variables,
such as age and BMI were adjusted in the statistical analy-
sis. Clinical measures included the patents’ symptoms
(VAS and WOMAC scores), physical examinations by
a physician, ESR, and CRP.
The grades of uptake in lateral tibial condyle and patella
tended to have a correlation with disease duration. But,
after adjusting for age and BMI, the relationship was not
statistically signiﬁcant. The relationships between SPECT
and patients’ symptoms were evaluated by 100 mm VAS
and WOMAC scores. WOMAC scores had a good correla-
tion with the lesions of medial compartment, as total
WOMAC scores related with the grade of uptake in medial
tibial and femoral condyles. All subscales of WOMAC, such
as pain, stiffness and function scores were also associated
with the grade of uptake in medial tibial and femoral con-
dyles (Table III).
Next, we compared the grade of uptake in the symptomatic
knees with the asymptomatic knees. There is a signiﬁcant
difference between 46 symptomatic and 14 asymptomatic
knees, and the symptomatic knees demonstrated more in-
tense uptakes in all compartments, except lateral tibial
condyle, than asymptomatic knees did (Table IV).
There were additional relationships between SPECT ﬁnd-
ings and physical examinations. The swollen knees de-
tected by physical examination demonstrated higher
grades of uptake in medial tibial and femoral condyles,
and lateral tibial and femoral condyles than non-swollen
knees did. The knees showing local heat and tenderness
Table II
Intensity of SPECT uptake in patients with knee OA. Knee joints were divided into six areas and the grades of bony uptake were semi-quan-
tified into four grades
Grade 0 Grade 1 Grade 2 Grade 3
Medial tibial condyle 14 (23.3%) 16 (26.7%) 10 (16.7%) 10 (16.7%)
Medial femoral condyle 25 (41.7%) 13 (21.7%) 7 (11.7%) 5 (8.3%)
Lateral tibial condyle 28 (16.7%) 20 (33.3%) 2 (3.3%) e
Lateral femoral condyle 34 (56.7%) 12 (20%) 4 (6.7%) e
Patella 18 (30%) 22 (36.7%) 18 (30%) 2 (3.3%)
Femoral trochlea 30 (50%) 18 (30%) 12 (20%) e
Data are expressed by the number (%) of knees.
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femoral condyles (Fig. 2). However, there is no relationship
between SPECT ﬁndings and clinical variables, such as
age, sex, BMI, ESR, CRP and the current medications.CORRELATION OF RADIOGRAPHIC AND SCINTIGRAPHIC
DETECTION OF OAThe relationship between grade of uptake in SPECT and
KeL grade of plain radiograph was determined in each me-
dial, lateral and PF compartment. In the medial compart-
ment, KeL grade was strongly correlated with the grade of
uptake in both medial tibial and femoral condyles (r¼ 0.65,
P< 0.001 and r¼ 0.56, P< 0.001, respectively). In the PF
compartment, KeL grade tended to be associated with the
grade of uptake in femoral condyle and patella (r¼ 0.28,
P¼ 0.05 and r¼ 0.26, P¼ 0.06). In the lateral compartment,
the grade of uptake in lateral femoral condyle was signiﬁ-
cantly correlated with KeL grade (r¼ 0.3,P¼ 0.03, Table V).
There were cases of increased uptake by at least one
compartment in the patients with normal plain radiographs.
In the medial compartment, four knees showed grade 1 in-
creased uptake among 13 knees with KeL grade 1. In the
PF and lateral compartments, six knees and eight knees
showed increased uptake among 19 knees and 11 knees
with normal plain radiographic ﬁndings, respectively.
Meanwhile, the relationship of plain radiographs and clin-
ical ﬁndings showed KeL grade of medial compartment
tended to be related with age, disease duration, total
WOMAC score, WOMAC subscales of stiffness and func-
tion. However, after adjusting age and BMI, there is no cor-
relation between plain radiographs and clinical ﬁndings.
KeL grades of the PF and lateral compartments did not
have any correlation with clinical ﬁndings.CORRELATION OF ULTRASONOGRAPHIC AND
SCINTIGRAPHIC DETECTION OF OAThe relationship between the grade of uptake in SPECT
and the US abnormalities was determined in each medial,Table I
Relationship between SPECT findings and clin
Disease
duration
VAS
(100 mm)
W
Medial tibial condyle r¼ 0.27 r¼ 0.29 r
Medial femoral condyle r¼ 0.02 r¼ 0.16 r
Lateral tibial condyle r¼ 0.02 r¼0.04 r
Lateral femoral condyle r¼ 0.16 r¼0.01 r
Patella r¼0.14 r¼ 0.07 r
Femoral trochlea r¼0.19 r¼ 0.07 r
Data are expressed by partial correlation coefﬁcient adjusted by ageslateral and PF compartment. In the medial compartment,
the amount of effusion detected by US was well correlated
with the grade of uptake in both medial tibial and femoral
condyles (r¼ 0.39, P¼ 0.007 and r¼ 0.33, P¼ 0.018, re-
spectively, Table VI). Interestingly, the grade of uptake
was correlated with the loss of cartilage, in other words,
the thickness of the articular cartilages of femoral condyles
had a strong negative correlation with the grade of uptake in
medial tibial and femoral condyles (r¼0.49, P< 0.005
and r¼0.35, P¼ 0.01, respectively). Moreover, the length
of medial bony spur and the grade of uptake showed a good
correlation and the distension of medial capsule was also
correlated with SPECT uptakes of medial tibial and femoral
condyles (r¼ 0.67, P< 0.005 and r¼ 0.52, P< 0.005, re-
spectively). However, there is no deﬁnite association with
US ﬁndings and SPECT ﬁndings in the PF and lateral com-
partments. Analysis of the nine knees, which showed
normal plain radiographic ﬁnding but increased uptake in
SPECT was performed, ﬁve among nine knees showed to
have some abnormalities in the US ﬁndings (effusion and
synovitis in two knees, medial bony spur in two knees,
synovitis and medial bony spur in one knee).Discussion
In the evaluation of OA, bone scintigraphy has been rec-
ognized as one of the useful diagnostic tools. The pattern of
isotope retention is known to correlate with pain, subchon-
dral bone sclerosis and osteophytes on plain radiograph25.
It also correlates with MRI ﬁndings such as active os-
teophytes, subchondral bone change and PF joint
changes14,26. In addition, bone scintigraphy reﬂects serum
markers of bone and cartilage metabolism such as cartilage
oligomeric matrix protein (COMP) and bone sialoprotein
(BSP) in patients with knee OA27. However, there is a limita-
tion of diagnostic accuracy because the complex joint struc-
tures are shown to be the overlapped planar image15. Bone
SPECT could compensate this defect of the planar scinti-
graphic image by supplying the sequential tomographic
planes with three different directions. SPECT shows highII
ical data obtained from patients’ surveys
OMAC
(total)
WOMAC
(pain)
WOMAC
(stiffness)
WOMAC
(function)
¼ 0.38* r¼ 0.37* r¼ 0.42* r¼ 0.35*
¼ 0.37* r¼ 0.28 r¼ 0.53** r¼ 0.35*
¼ 0.11 r¼ 0.28 r¼ 0.32 r¼ 0.02
¼0.06 r¼0.05 r¼ 0.36* r¼ 0.03
¼0.23 r¼0.16 r¼0.08 r¼0.25
¼0.07 r¼0.13 r¼0.05 r¼0.04
and BMIs, * means P< 0.05 and ** means P< 0.005.
Table IV
The SPECT findings in symptomatic and asymptomatic knees
Symptomatic
knees
(n¼ 46)
Asymptomatic
knees
(n¼ 14)
P value
Medial tibial condyle 1.37 0.17 0.21 0.11 <0.001
Medical femoral condyle 0.91 0.15 0 <0.001
Lateral tibial condyle 0.43 0.08 0.29 0.16 N-S
Lateral femoral condyle 0.41 0.09 0.07 0.07 0.006
Patella 1.26 0.12 0.43 0.17 0.001
Femoral trochlea 0.83 0.12 0.29 0.16 0.023
Data are expressed by mean S.E.M. of the grade of bony
uptakes in SPECT. N-S: not signiﬁcant.
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knee pain such as the cruciate ligament injuries and menis-
cal tears28,29. SPECT also has a diagnostic value in detect-
ing the osteochondral lesions30 and in evaluating the extent
of OA inﬂammation12, and it is also useful in the planning of
operation method such as unicompartmental knee arthro-
plasty to conﬁrm the localized disease31.
In recent years, numerous studies have been attempted
to determine that bone SPECT is a superior or equal diag-
nostic tool in the detection of OA, compared with plain radio-
graphs, MRI, or arthroscopic ﬁndings. But, little is known of
the value of the SPECT imaging for the reﬂection of clinical
ﬁndings, such as patients’ symptoms and physical exami-
nations. The comparison between the imaging tools has
some limitation, because it cannot directly reﬂect the clinical
situation including pain of the patients and function of the
joints which are closely related to the therapeutic ap-
proaches. So, in the present study, we focused on the rela-
tionship between SPECT imaging and clinical ﬁndings.
Especially, we analyzed the detailed data by grading the
uptake intensity and localizing into six sites of the knee joint.
Medial tibial and femoral condyles reﬂected the medial com-
partment, lateral tibial and femoral condyles reﬂected the
lateral compartment, and patella and femoral trochlea re-
ﬂected the PF compartment. This concrete localization
made the accurate analysis of the relationship between
SPECT image and clinical ﬁndings possible.0
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Fig. 2. Relationship between SPECT grades and the clinical ﬁndings o
(C) crepitus, and (D) heating senWe determine whether SPECT imaging reﬂects the pain
of OA patients, because pain is the most prominent symp-
tom of OA, which brings the patient seeking the medical
help32,33. We used VAS, WOMAC total and pain scores
as well as other subscales, stiffness and function scores.
VAS tended to be associated with the grade of uptake in
medial tibial and femoral condyles. The grade of uptake in
medial tibial condyle correlated with both total WOMAC
and all subscales, while the uptake in medial femoral con-
dyle correlated with stiffness and function scores. Since
symptomatic knees had higher intensity of uptake than
asymptomatic knees did, this result supports the usefulness
of SPECT for reﬂection of patients’ symptoms. While the
cartilage loss is not the major cause of OA pain, subchon-
dral bony change is one of the pain sources in patients
with OA34,35. In view of this aspect, SPECT, which reﬂects
the increased blood ﬂow and changed metabolism in the
bone, may be useful indicator of patients’ symptoms and in-
ﬂammatory process. Location of pain expressed by patients
is usually either generalized or medial35,36, and rather the
structures in the medial compartment may be a main source
of symptom. The ﬁnding that the uptake of medial tibial
condyle is quite common and SPECT imaging correlates
with symptoms in medial compartment suggests that this
imaging method may be used as an indicator for OA dis-
ease activity. Moreover, SPECT ﬁndings were correlated
with the physical examination, such as tenderness, swelling
and local heat. This result implicates that SPECT could also
reﬂect more objective clinical ﬁndings observed by physi-
cians as well as subjective ﬁndings of patients including
VAS and WOMAC.
In this study, there was increased uptake of SPECT even
in the knees without any deﬁnite abnormality in plain radio-
graphs. This may imply that SPECT can detect clinical OA
before plain radiographic abnormalities appear. KeL grad-
ing of the plain radiographs did not reﬂect the clinical ﬁnd-
ings such as VAS and WOMAC, whereas SPECT is more
useful in early diagnosis of OA and localization of site or
structures where the pain originated from. Though SPECT
is a very sensitive imaging method in the diagnosis of early
OA and reﬂection of clinical ﬁndings, low speciﬁcity is its
demerit. Therefore, by performing other complementary
imaging methods, such as musculoskeletal US, we could0
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btained from physical examination: (A) tenderness, (B) swelling,
sation. * Means P< 0.05.
Table V
Relationship between the grades of bony uptakes in SPECT and
KeL grades of plain radiographs
KeL grade
of medial
compartment
KeL grade
of lateral
compartment
KeL grade
of PF
compartment
Medial tibial
condyle
0.65** 0.37* 0.48**
Medial femoral
condyle
0.56** 0.26 0.39**
Lateral tibial
condyle
0.21 0.1 0.22
Lateral femoral
condyle
0.26 0.29* 0.29*
Patella 0.06 0.02 0.26
Femoral trochlea 0.25 0.09 0.28*
Data are expressed by partial correlation coefﬁcient adjusted by
ages and BMIs, * means P< 0.05, ** means P< 0.005.
217Osteoarthritis and Cartilage Vol. 16, No. 2compensate the limitation of the bone SPECT in the diag-
nosis and analysis of OA.
We performed musculoskeletal US for all patients to con-
ﬁrm the changes of cartilage and synovitis. There is a strong
correlation between certain US ﬁndings, such as medial
tibia/femoral spur length and capsular distension, and clini-
cal ﬁndings such as disease duration, VAS, and all three
subscales of WOMAC (data not shown). The grade of up-
takes in SPECT also has a good correlation with symptoms
in medial compartment, these ﬁndings suggest that OA pain
may originate mainly from the structures in the medial com-
partment. SPECT ﬁndings have close relationship with US
ﬁndings in both medial and lateral compartments, while
there is a mismatched ﬁnding between both imaging
methods in PF compartment where the US could not easily
observe. Of special interest, the cartilage thickness of fem-
oral condyle measured by US and the grade of uptake have
a good correlation, this result indicates that SPECT may be
useful for reﬂecting the cartilage change in OA.
There is some limitation in the present study. First, the
number of patients enrolled was too small to draw strong
conclusion. Second, there was no deﬁnite or well-standard-
ized grading system in the SPECT analysis. Third, this
study was only cross-sectional pilot study, so the SPECT
imaging could not be followed serially in the course of dis-
ease, although we observed improvements in SPECT up-
takes after drug treatment in some follow-up cases. More
research is needed to conﬁrm the clinical value of SPECTTable VI
Relationship between the grades of bony uptakes in SPECT and
US findings
Medial
tibial
condyle
Medial
femoral
condyle
Lateral
tibial
condyle
Lateral
femoral
condyle
Patella Femoral
trochlea
Effusion 0.39* 0.33* 0.3* 0.43** 0.28 0.03
Synovitis 0.18 0.13 0.09 0.19 0.25 0.01
Medial spur 0.54** 0.36* 0.29 0.22 0.04 0.36*
Lateral spur 0.25 0.09 0.09 0.17 0.02 0.28
Capsular
distension
0.67** 0.52** 0.39* 0.28 0.03 0.35*
Medial
cartilage
0.49** 0.35* 0.28 0.05 0.06 0.1
Lateral
cartilage
0.38* 0.52** 0.34* 0.34* 0.09 0.05
Data are expressed by partial correlation coefﬁcient adjusted by
ages and BMIs, * means P< 0.05 and ** means P< 0.005.in OA patients by further large-scaled, prospective study.
At present, SPECT is a useful research tool, which may
be applied to those at risk of developing OA (e.g., malalign-
ment or incongruency) or in the diagnosis of OA when other
imaging modalities have failed.
As we have seen, the main purpose of this study has been
to explore the diagnostic value of bone SPECT in knee OA
by determining the correlation between the image and clini-
cal ﬁndings. We obtained a few outstanding results in our
study. First, most patients with symptomatic knee OA have
increased bony uptakes in SPECT, and the degree of uptake
has a correlation with both subjective ﬁndings, such as VAS
and WOMAC and objective ﬁndings examined by the physi-
cian. Second, the grade of uptake was correlated well with
KeL grades detected by plain radiographs, as well as the
bony changes and cartilage loss, which were detected by
US. Finally, SPECT imaging could detect the early OA sen-
sitively, which cannot be detected by plain radiographs. Tak-
ing into account the results, we can conclude that SPECT
imaging could be a useful method in reﬂecting the clinical
activity and a sensitive tool in early diagnosis of knee OA.References
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